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cense.Abstract Introduction: Adenomyomatosis, or diverticular disease of the gallbladder, is an
acquired hyperplastic lesion characterized by excessive proliferation of the surface epithelium with
deepened invaginations extending into the thickened muscular layer of the gallbladder wall. The
radiologic evidence of both adenomyomatosis and gallbladder cancer is focal or diffuse thickening
of the gallbladder wall (1).
Focal or diffuse gallbladder wall thickening is a relatively frequent observation on CT and is often
incidental. It can be a dilemma for interpreting radiologists (2).
Aim of the work: The purpose of this study is to determine the role of MDCT in differentiating
adenomyomatosis from gallbladder cancer.
Patients: The study included 20 patients already pathologically diagnosed as adenomyomatosis or
gall bladder cancer, and who had undergone pre-operative CT.
Methods: Preoperative CT is reviewed for the presence and nature of morphologic gallbladder
abnormalities, including the presence of intramural diverticula (Pearl necklace sign) and the
presence of a non-interrupted mucosal enhancement line.
Results: Pearl necklace sign was 80% accurate for the diagnosis of adenomyomatosis. Mucosal
enhancement line was 100% accurate for the same diagnosis.7435706; fax: +20 34869754.
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Adenomyomatosis, or diverticular disease of the gallbladder, is
an acquired hyperplastic lesion characterized by excessive pro-
liferation of surface epithelium with deepened invaginations
extending into the thickened muscular layer of the gallbladder
wall (1).
Although it is relatively rare, gallbladder cancer is an
aggressive malignant tumor with a 5-year survival rate varying
from less than 10 to 40%, depending on the stage (2).
Furthermore, considering that survival after simple chole-
cystectomy for T1 disease is reported to be near 100%,
cross-sectional imaging has an important role in distinguishing
between gallbladder wall thickening resulting from a malig-
nant cause and gallbladder wall thickening resulting from be-
nign causes and in rendering the diagnosis of gallbladder
cancer at an early stage (3).
The radiologic evidence of both adenomyomatosis and gall-
bladder cancer is focal or diffuse thickening of the gallbladder
wall. Studies have addressed the imaging ﬁndings of these dis-
eases individually with varying techniques, and the ﬁnding of
cyst like spaces in a thickened gallbladder wall is said to indi-
cate adenomyomatosis (4–6).
The importance of differentiation between adenomyomato-
sis and gallbladder cancer is increasing because gallbladder
wall thickening has become a common and often incidental
ﬁnding on different imaging techniques. The gallbladder wall
thickening can be a dilemma for interpreting radiologists (7).
Researchers have vigorously attempted to differentiate
malignant from benign diffuse gallbladder wall thickening using
various imaging techniques including ultrasonography (US),
CT, and MRI. Although sonography has been the screening
method of choice in the diagnosis of gallbladder disease, making
an accurate diagnosismay be difﬁcult using sonography because
thickening of the gallbladder wall is nonspeciﬁc (8).
Furthermore, because of recent developments and spatial
reﬁnements, MDCT has become the imaging technique that
is more widely used to detect and characterize gallbladder wall
thickening (3).
Recently, Jung et al. reported four characteristic MRI ﬁnd-
ings of gallbladder wall thickening according to each gallblad-
der disease entity (9).
The pearl necklace sign was deﬁned on MRCP images as
small round foci, with amarkedly high signal intensity equivalent
to that of bile, within the thickened wall of the gallbladder (6).
However, considering that MDCT, with its high spatial and
temporal resolution, is nowmore widely used thanMRI to eval-
uate acute abdominal diseases, the schematic analysis ofMDCT
ﬁndings for gallbladder wall thickening is timely and warranted
(3).
2. Materials and methods
Twenty patients presented with abdominal pain of variable de-
grees, were evaluated with MDCT. Informed consent waswaived in this retrospective study. Still, conﬁdentiality of pa-
tients’ records is respected.
The equipment used was:
o Toshiba Aquillon 16-MDCT unit; kV/effective mAs/rota-
tion time (s): 120 kV/225 effective mAs/0.5 s; slice thickness
1 mm (eight patients).
o Some cases on Toshiba Aquillon 128-MDCT unit kV/effec-
tive mAs/rotation time (s): 120 kV/225 effective mAs/0.35 s;
slice thickness 0.5 mm (12 patients).
The CT examination was performed ﬁrst, with a non con-
trast scan of the abdomen, followed by a triphasic contrast-en-
hanced CT at 35, 70, and 300 s after an injection of 120 mL of
nonionic contrast medium (350 mg I/mL) given at the antecu-
bital vein at a rate of 4 mL/s, to catch the late arterial phase,
portal venous phase, and equilibrium phase, respectively.
The data acquired was transferred to a workstation (Vitrea
or Osirix software) for multiplanar reconstruction.
The gallbladder wall thickening is evaluated; that is either,
irregular or smooth, focal or diffuse.
The presence or absence of non interrupted enhancing
mucosal line was also evaluated.
The pearl necklace sign that was described on MRCP for
adenomyomatosis was searched for on contrast enhanced CT
series. It includes diffuse or focal gall bladder wall thickening
showing multiple dilated hypodense intramural diverticula
‘‘Rokitansky–Aschoff sinuses’’ with or without stones inside.
Additional ﬁndings such as subserosal edema, transient he-
patic attenuation difference (THAD) in adjacent liver paren-
chyma, pericholecystic ﬂuid or air, increased pericholecystic
fat stranding, enlarged pericholedochal lymph nodes, perito-
neal nodules and gallbladder stones were also evaluated.3. Results
This study included 20 patients, 12 men and 9 women.
Their average age was (53.1) and ages ranged from 21 to
76 years.
The major presenting symptoms were abdominal pain, dis-
comfort, nausea and vomiting.
Out of the 20 patients, 15 patients had adenomyomatosis,
while ﬁve were diagnosed as gall bladder cancer.
The 15 patients with adenomyomatosis presented the fol-
lowing signs:
Twelve patients demonstrated the CT pearl necklace sign
(Figs. 1a, 2 and 3); out of these 12 patients, three had stones
insides the dilated diverticula (Figs. 1a and 3).
Other associated signs included: One patient had hourglass
type adenomyomatosis; four patients had calcular cholecysti-
tis, one of them had hepatic enhancement involving the gall
bladder bed ‘‘rim sign’’, reﬂecting associated acute cholecystitis
(Fig. 1b): and one patient had acute calcular pancreatitis
(Fig. 4a), sequel to stone passage in the distal CBD.
Fig. 1a Adenomyomatosis: Diffuse gall bladder wall thickening,
multiple dilated Rokitansky–Aschoff sinuses (arrow), and stone in
one of these (curved arrow).
Fig. 1b Adenomyomatosis: Intact mucosal enhancement line
(arrow). The hepatic enhancement involving the gall bladder bed
(curved arrow) is indicative of associated acute cholecystitis (rim
sign).
Fig. 2 Adenomyomatosis: The intact mucosal enhancement line
seen in the gall bladder as well as within the dilated Rokitansky–
Aschoff sinuses (string of pearls) is very well demonstrated in this
case (arrows).
Fig. 4a This fundal polypoid lesion is outside an intact mucosal
enhancement line (arrow). Cholecystectomy and histopathology
revealed focal fundal adenomyomatosis. Also noted acute
pancreatitis.
Fig. 3 Adenomyomatosis: Marked gall bladder wall thickening.
There are multiple dilated sinuses (string of pearls). One of these is
markedly dilated and harboring a stone (curved arrow). Also note
the intact continuous mucosal enhancement (arrow).
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un-interrupted enhancement of the mucosal lining, including
the three patients with a negative CT pearl necklace sign
(Figs. 1–4a and 5).
Of the ﬁve cases of gall bladder cancer, the ancillary ﬁnd-
ings pointing to the malignant nature of the disease were as fol-
lows: two patients had both peritoneal and hepatic metastases
(Fig. 6a and b), one patient with only hepatic deposits has car-
cinoma on top of adenomyomatosis, one patient presented
with polypoidal mass (Fig. 4b) and the last patient had both
colonic inﬁltration and omental deposits. All carcinoma cases
showed interruption of the mucosal enhancement line.
These data correspond to CT pearl necklace sign having
80% sensitivity and speciﬁcity in the diagnosis of adenomyo-
matosis, while the continuous enhancing mucosal line has a
Fig. 4b This polypoid mass on the other hand is associated with
interrupted mucosal enhancement line (arrow). Cholecystectomy
and histopatholgy revealed a gall bladder carcinoma.
Fig. 5 Adenomyomatosis: Marked diffuse gall bladder wall
thickening. Although no string of pearls was noted, the intact
continuous mucosal enhancement line (arrows) pointed to the
correct diagnosis and excluded the possibility of carcinoma.
Fig. 6b The same case in coronal view showing extrahepatic
extension, with inﬁltration of the colonic wall (arrow). Also noted
the interrupted mucosal enhancement line (curved arrow). No
string of pearls was identiﬁed.
Fig. 6a Gall bladder carcinoma: Note the interrupted mucosal
enhancement line, as well as inﬁltration of segment IVb of the liver
(arrow). Also note the presence of peritoneal metastatic nodules
(curved arrow).
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gall bladder carcinoma.
4. Discussion
Pathologically, a Rokitansky–Aschoff sinus within the thick-
ened muscular layer of the gallbladder is the characteristic
ﬁnding of adenomyomatosis of the gall bladder (10).
Adenomyomatosis of the gallbladder is classiﬁed into three
morphologic types: diffuse, segmental, and fundal. Because of
these variations in morphology, adenomyomatosis of the gall-
bladder can sometimes appear as a diffuse wall thickening or
as a localized or focal lesion of the gallbladder, which may mi-
mic gallbladder carcinoma (11).
Although US is a sensitive modality for the diagnosis of
adenomyomatosis of the gallbladder, it has high interobserver
variability because it is dependent on the operator’s skill. Small
ﬁeld of view, interruption of the beam by bowel gas, obesity, or
coexisting stones also make it difﬁcult to evaluate the gallblad-
der wall at US. Therefore, the reported accuracies of US in the
diagnosis of adenomyomatosis of the gallbladder were differ-
ent and relatively low (12,13).
Gallbladder cancer is the ﬁfth most common tumor of the
digestive system and the most frequent of those arising in the
biliary tree. Gallbladder cancers can present as a mass replac-
ing the gallbladder, wall thickening, or an intraluminal polyp
on sonography or CT (14).
Presentation of the tumor as diffuse or focal wall thickening
is problematic because acute and chronic cholecystitis are in-
cluded in the differential diagnosis (15).
In our study, we tried to study the role of two CT signs in
differentiating between adenomyomatosis and gall bladder
cancer.
The pearl necklace sign, representing dilated Rokitansky–
Aschoff sinuses, had 80% sensitivity and speciﬁcity in the
accurate diagnosis of adenomyomatosis.
The continuous enhancing mucosal line sign has a 100%
sensitivity and speciﬁcity in exclusion of the diagnosis of gall
bladder carcinoma.
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bladder carcinoma is a tumor of mucosal origin, so its growth
will deﬁnitely interrupt the mucosa. Adenomyomatosis, where
the mural thickening being primarily of muscular origin, is not
expected to interrupt the normal continuous mucosal line of
enhancement.
The adenomyomatosis cases with negative CT pearl neck-
lace sign may be ascribed to small size of the diverticula, below
the spatial resolution of the CT machine.
Thus, in the three cases of adenomyomatosis where pearl
necklace sign could not be detected, the mucosal enhancement
line was the guide to the correct diagnosis of adenomyomatosis.
This sign of mucosal enhancement line, to our knowledge,
was not previously described in the literature.
In the study done by Ching et al., CT has an overall 82%
sensitivity in differentiating gall bladder carcinoma from ade-
nomyomatosis (7). Intramural diverticulae were seen in eight
patients out of 11, matching with our results, where 12 patients
out of 15 well demonstrated the pearl necklace sign, with three
patients having stones inside the diverticulae.
Fujita et al. and Katoh et al. have reported the coexisting
adenomyomatosis of the gallbladder and gallbladder carci-
noma (16,17).
In our study one case had both coexisting adenomyomato-
sis of the gallbladder and gallbladder carcinoma.
5. Conclusion
From our study we conclude that MDCT has the ability to dif-
ferentiate gall bladder cancer from adenomyomatosis. The CT
pearl necklace sign has a lower sensitivity in diagnosing adeno-
myomatosis, as it could not be detected in some cases. While in
our study the intact mucosal enhancement line has a high sen-
sitivity in differentiating gall bladder cancer from adenomyo-
matosis. Both signs are thus, when used together, very
reliable in differentiating those two entities.
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